Chronic exposure to hypercortisolism has significant impact on patient's health and health-related quality of life (HRQoL), as demonstrated with generic questionnaires. We have developed a diseasegenerated questionnaire to evaluate HRQoL in patients with Cushing's syndrome (CS; CushingQoL). Objective: Validate the CushingQoL questionnaire in patients with CS in clinical practice conditions. Design: Observational, international, cross-sectional study. Methods: A total of 125 patients were recruited by 14 investigators from Spain, France, Germany, The Netherlands, and Italy over a 2-month period. Clinical and hormonal data were collected and correlated with results of the generic short form 36 (SF-36) questionnaire, a question on self-perceived general health status and the CushingQoL score. Results: A total of 107 patients were pituitary-dependent and 18 adrenal-dependent CS; 104 (83%) were females, mean age 45 years (range 20-73 years); 39 (31%) were currently hypercortisolemic; and 47 (38%) adrenal insufficient. In clinical practice, CushingQoL was feasible (117; 94% of patients fully responded to the questionnaire in a mean time of 4 min), reliable (Crohnbach's aZ0.87), and valid (factorial analysis demonstrated unidimensionality and Rasch analysis lead to a final version with 12 items). A significant (P!0.001) correlation was observed between CushingQoL score and patients self-perceived general health status and dimensions of SF-36 (Pearson's correlation coefficient R0.597). Patients with current hypercortisolism scored worse (lower) than those without (44G22 vs 56G21, PZ0.004). Linear regression analysis identified female gender and hypercortisolism as significant predictors for worse QoL. Conclusion: CushingQoL is useful to evaluate HRQoL in patients with CS and correlates with clinical parameters.
Introduction
Chronic exposure to hypercortisolism determines central obesity, gonadal dysfunction, hirsutism, facial plethora, delayed wound healing, muscle weakness, hypertension, hyperglycemia, osteoporosis, and depression, which impact on health-related quality of life (HRQoL) -physically, mentally, and emotionally (1-4). Patients most often complain of fatigue/weakness (85%), changes in physical appearance (63%), emotional instability (61%), cognitive problems (49%), depression (32%), and sleeping difficulties (12%); 80% report interference with family life and relations with their partner and 56% with school/work performance (5) .
Despite successful treatment of Cushing's syndrome (CS), long-term residual effect on the HRQoL has been observed, which includes poorer physical and social functioning, role limitations due to physical and emotional problems, more pain, and less general wellbeing (2, (6) (7) (8) (9) (10) . CS patients were those with worst health 6 months after surgery for pituitary adenomas, with more emotional problems (depression and anxiety) and slower recovery than other patients (11, 12) . Complex pharmacological treatments requiring frequent medical check-ups, and concerns on future health deterioration due to comorbidity, also negatively impact these patients' HRQoL (2, 13) .
Clinical recovery is slower than biochemical recovery from hypercortisolism in CS (14) . The severity of hypercortisolism and time elapsed since cure does not appear to correlate with QoL (2), but time elapsed since treatment was found to contribute in the physical functioning dimension (8) . Thus, to optimize control, it seems important to investigate the patient's point of view, and not only objective measures of their illness.
In the absence of a specific questionnaire to evaluate HRQoL in CS, generic health questionnaires -short form 36 (SF-36) or visual analog scale -have been used, together with specific evaluations of cognitive functioning or depression (6, 8, 15, 16) . A number of reliable and consistent questionnaires -covering all health dimensions -such as the Hospital Anxiety and Depression Scale (HADS), the General Health Questionnaire-28, the WHO quality of life questionnaire-BREF, and the social adjustment scale (SAS1 and SAS2) have been used (2, 13) .
The high impact of CS on patient's HRQoL led us to develop a specific questionnaire for CS, which would reflect those aspects of greatest concern for the patients, with methodology previously described (17, 18) . Translations and cultural adaptations were produced as previously described (20) from the initial Spanish version into German, Italian, French, and Dutch, and later to 11 further languages (English, Danish, Polish, Norwegian, Finnish, Turkish, Flemish, Greek, Bulgarian, Mandarin Chinese, and Portuguese -with an additional cultural adaptation for Brazil; further cultural adaptations were also performed for Argentinean Spanish, for Belgian and Canadian French, as well as for USA and Canadian English). Each translation was presented to five patients whose native language was that of the translated version, to assess and correct comprehension, clarity, cultural relevance, and suitable wording (cognitive debriefing), providing the final translated version.
The aim of this study was to evaluate the psychometric properties (validity and reliability) of this diseasegenerated HRQoL questionnaire (CushingQoL) and its correlation with clinical parameters relevant to patients with CS.
Patient and methods

Patients
To calculate the sample size, and assuming moderate (i.e., between 0.3 and 0.7) correlation coefficients between the scores of the CushingQoL and SF-36 questionnaires and 10% of incomplete answers, with a level of significance of 0.05 and a statistical power of 0.80, a minimal sample of 76 patients was required.
One hundred and twenty-five patients aged 18 years or above with histologically proved CS of pituitary or adrenal origin, or whose hypercortisolism disappeared after adrenal or pituitary surgery were included in this observational, international, multicenter, and crosssectional study. In newly diagnosed patients, CS was considered confirmed if hypercortisolism was not suppressible by low dose (1 mg) dexamethasone in the presence of elevated urinary free cortisol. All participants gave written informed consent to participate after local ethics committee approval. Patients with CS due to adrenal carcinoma, ectopic adrenocorticotrophin (ACTH) syndrome, or exogenous treatment with glucocorticoids were excluded.
Since CS is a rare disease with a low incidence, participation of 14 investigators from five European countries (Spain, France, Germany, the Netherlands, and Italy) was necessary to achieve the required sample of patients over a 2-month period (between August and October 2006). At a single visit, data from the medical records and response to HRQOL questionnaires were collected. Sociodemographic data (age, gender, level of studies, and current employment status) and the following clinical variables were collected: weight, height, blood pressure, date of diagnosis of CS and cause (pituitary or adrenal adenoma), history and persistence or not of adrenal insufficiency and hypercortisolism, surgery undergone for the disease (type, date, route, and results of histology), and history, dose, and date of pituitary radiotherapy. Recent 24 h free urinary cortisol (FUC, within the last 6 months) and details on current pharmacological treatment (adrenolytic, dopaminergic, or hydrocortisone substitution), concomitant diseases and their treatment, and hospital admissions over the last year related to CS or its complications were recorded. Thus, a wide array of clinical situations which CS patients can perceive during the course of their illness, ranging from severe hypercortisolemia to post-therapy adrenal insufficiency were included; the rationale for this was that the emergent questionnaire would be applicable in all these patients. Hormones were measured locally with commercial kits for which normal reference values were available; each investigator reported whether the values were high, low, or within the normal range. Inter-and intrassay of variation of the assays were all !10%. Plasma ACTH in pg/ml were transformed into pmol/l (by multiplying 0.22).
HRQoL evaluation
The CushingQoL questionnaire was developed following standard methodology (18) ; the clinical characteristics of the ten patients interviewed in order to identify HRQoL domains and clinical aspects of the disease are described in Table 1 . Interviews took place in an office and patients were asked by an endocrinologist, specifically trained to perform these interviews, to describe how CS had affected their lives; if they did not spontaneously mention them, they were asked about the domains previously identified; interviews were taped and later transcribed.
The CushinQoL questionnaire with a time frame referred to the preceding 4 weeks, was presented to the patients in an office by a nurse or physician after explaining the reasons, and ensuring correct understanding after reading the instructions (Table 2) .
Answers based on Likert scales with five response categories: ' Always', 'Often', 'Sometimes', 'Rarely', and 'Never', or 'Very much', 'Quite a bit', 'Somewhat', 'Very little', and 'Not at all', were rated on a scale of 1-5, where '1' corresponds to ' Always' or 'Very much' and '5' to 'Never' or 'Not at all'. Therefore, the lower the score, the greater the impact on HRQoL. The score is the sum of all the item responses and can range from 12 (worst HRQoL) to 60 points (best HRQoL). The score can be interpreted if the number of unanswered items does not exceed 3 (25% of the questions). To simplify interpretation of scores, standardization on a scale from 0 (worst HRQoL) to 100 (best HRQoL) can be done with the following formula:
where Y is the recalculated score, X is the sum of all the item responses within the study score, 'min' is the minimum (minZ12), and 'max' is the maximum possible score (maxZ60). Answers to the generic SF-36 questionnaire (19) and a question on self-perceived general health status were also collected. The SF-36 questionnaire previously used in patients with CS or acromegaly (2, 6, 8, 15, 16) contains 36 items, which covers eight dimensions and provides an overall measure of general health and specific dimensions of vitality, physical and social functioning, functional and emotional performance, pain, effects on work, and mental health. High scores indicate good health status. Patients were also asked to assess their self-perceived health status through seven possible ratings to the question 'Mark the answer which best defines your health today in relation to your CS'(from very bad, fairly bad, slightly bad, through neither good nor bad to slightly, fairly, or very good).
Statistical analysis
Data were analyzed using the SPSS statistical package version 14.0 for Windows (SPSS, Chicago, IL, USA). A statistical level of significance of 0.05 was used. A descriptive analysis was made of sociodemographic and clinical characteristics (age, gender, disease duration, diagnosis, surgery, hormone values, pharmacological treatment, and concomitant illnesses) using mean and S.D. for continuous variables, and number and percentage of patients by response category for the categorical variables. Correlations of the CushingQoL scores with the SF-36 questionnaire and general perceived health were analyzed with a Pearson's correlation coefficient. Distribution of data was analyzed by the Kolmogorov-Smirnov's test; normally distributed data were compared using a Student's t-test and nonnormally distributed data with a Mann-Whitney U test.
For validation of the CushingQoL questionnaire, an exploratory factorial analysis was performed to determine the dimensions, followed by a Rasch analysis, a powerful model belonging to the item response theory, based on the idea that some items are more important than others, and should be ordered hierarchically depending on the importance attributed to them by patients (21) . Initial calibration was developed for each of the initial 34 items, followed by an evaluation of how each item contributed to the overall measurement of health; redundant items were eliminated. After individual initial analysis of each dimension, the CushingQoL questionnaire demonstrated to be unidimensional (involving sub-components referent to daily life, emotional, and physical aspects domains) with a final content of 12 questions (Table 2) . In order to relate CushingQoL scores and other variables, a linear regression model was used, using as independent variables, sociodemographic (age and gender) and clinical characteristics (age at diagnosis and FUC levels).
Results
Clinical data
One hundred and twenty-five patients with CS were included from Spain, France (four sites each), Germany (three sites), Italy, and the Netherlands (one site each; Table 3 ). One hundred and four (83%) were women; 79% had secondary or university studies, 43% of patients were employed, 22% were homemakers, 14% were retired, and 10% had temporary or permanent disability. Mean (S.D.) age was 45. Eighty-six percent (nZ107) were diagnosed with pituitary-dependent CS and 14% (nZ18) cortisolsecreting adrenal adenoma. Mean (S.D.) body mass index (BMI) was 27.8 (6) kg/m 2 , ranging from 17.6 to 45.7 kg/m 2 ; 31% of patients were obese (BMI O30) and 5 with morbid obesity (BMI O40).
At the study visit, 39 (31%) of patients were considered to be hypercortisolemic by the reporting endocrinologist (they either had increased 24 h UFC, or in 12 cases had normal UFC on medical therapy). Of 125 patients, 28 (22%) were receiving pharmacological treatment for CS (ketokonazole in 18, metyrapone in 7, mitotane in 1, and cabergoline in 9, alone or in combination). One hundred and five had undergone surgery (91 out of 107 (85%) pituitarydependent Cushing's disease: transsphenoidal in 90 cases of which 7 also underwent adrenal surgery and 1 bilateral adrenalectomy; 14 out of 18 (78%) adrenal adenomas had undergone unilateral adrenalectomy); 68 out of the 90 transsphenoidal surgeries disclosed positive immunohistochemistry for ACTH (77%; in the remaining 22 ACTH-staining was either not available or negative); in adrenal-dependent CS, an adenoma was confirmed histologically in 13 and an oncocytoma in 1.
Fifty-three percent (nZ66) developed adrenal insufficiency after treatment for CS, diagnosed a mean of 39 (51) months before the study visit (range 0-280 months); at the study visit, 47 (38% of the total sample) were still adrenal insufficient, of which 46 were receiving substitution treatment (35 with hydrocortisone, 11 with cortisone acetate; 4 were also on fludrocortisone). In 17, adrenal insufficiency had recovered a mean of 5 years before (60G70 months, range 1-270 months). Mean plasma ACTH was 30.4 (interquartile range 13.6-55.9) pg/ml.
Of the 107 patients with pituitary-dependent CD, 24 (22%) underwent pituitary radiotherapy (conventional 38%, radiosurgery 12%, and fractionated stereotactic radiotherapy 50%), administered 74G69 months before (range 2 months to 24 years).
Of the 125 patients, 100 (80%) had concomitant diseases (hypertension 40, diabetes mellitus 20, osteopenia/osteoporosis 42, and depression 28) and 42 out of the 107 pituitary-dependent Cushing's disease had hypopituitarism (39%; 35 growth hormone, 23 thyrotrophin, 18 gonadotrophin, and 11 anti-diuretic hormone deficient). Over the preceding year, 62 (50%) had been hospitalized in relation to their CS or derived complications (of which 53% were admitted once, 36% twice, and 11% thrice). Table 4 shows the scores globally and in each country. Only one patient exceeded the maximum allowed unanswered questions; therefore, psychometric properties were evaluated with a sample of 124 patients. The Kolmogorov-Smirnov statistic test confirmed normal distribution of data.
Evaluation of HRQoL
Mean time of administration was 4 min and 94% completed all 12 items. The reliability of CushingQoL was measured by Crohnbach's a coefficient which refers to the extent to which the questions from one scale or dimension measure different aspects of the same concept; this coefficient was 0.87, above the minimum required for psychometric standards (0.70), reflecting good internal consistency of this unidimensional construct.
CushingQoL scores decreased (P!0.001), as selfperceived health status worsened (Fig. 1) , detecting a decrease O50 points between patients with very good and very bad health status. CushingQoL scores were moderately correlated (r between 0.3 and 0.7) with all dimensions of the SF-36 questionnaire (Pearson's correlation coefficient: physical 0.670, role physical 0.708, bodily pain 0.602, general health 0.597, vitality 0.716, social functioning 0.676, role emotional 0.638, and mental health 0.706).
Patients diagnosed in the last 2 years (nZ50) scored worse than those diagnosed more than 2 years before (nZ74, P!0.001; Table 5 ). Current hypercortisolism (i.e., reported by the endocrinologist with concomitant elevation of 24-h FUC, nZ26) was associated with worse scores in the CushingQoL questionnaire than patients without (nZ60, P!0.004). The same was true when only the patients with pituitary-dependent CS were analyzed: 46G21 in active CS versus 57G21 in nonactive, PZ0.013). No correlation was observed between time elapsed since surgery and the CushingQoL score.
Admission to hospital over the prior year resulted in lower scores in the CushingQoL questionnaire (nZ61, 47G22) than no admissions (nZ63, 59G21, PZ0.002; Table 5 ). No relation was identified between the CushingQoL score and the presence (nZ44, 56G 23) or not (nZ77, 52G21) of adrenal insufficiency; however, time elapsed since diagnosis of adrenal insufficiency was slightly but positively related with the CushingQoL score (rZ0.35, PZ0.02); in other words, the longer the duration of adrenal insufficiency, the greater the impact on HRQoL.
In pituitary-dependent CS, the presence (nZ40, 56G 21) or not of hypopituitarism (nZ66, 53G22) or prior pituitary radiotherapy (irradiated nZ24, 55G19, versus non-irradiated nZ81, 54G23) did not determine differences in the CushingQoL score.
The linear regression analysis using as the dependent variable the CushingQoL questionnaire score identified female gender (PZ0.029) and elevated FUC (PZ0.011) as main contributors to impaired HRQoL, while current age and age at diagnosis were not significantly correlated.
Discussion
Except for some descriptive studies, no results using disease-specific questionnaires with standardized methodology to evaluate HRQoL were available up to now in patients with CS. A retrospective questionnaire referring to employment status, work capacity, symptoms, perceptions as to being cured, changes in Minimum  15  8  18  15  19  8  25th percentile  33  36  31  32  43  37  Median  54  46  58  50  58  51  75th percentile  75  55  77  62  76  70  Maximum  100  87  96  90  94  100  Valid n  29  26  23  21  25  124 health following treatment, and medication received has been described (14) , as well as steroid substitution, working capacity, abnormal pigmentation, and other disorders suffered by the patient (21) . The patient survey designed by Gotch included sociodemographic and clinical data (age, year of diagnosis, treatment received), questions on CS effects on patient's life and family, its physical and mental effects, and effects on school/work performance (5).
With this newly developed disease-generated CushingQoL questionnaire, we have evaluated HRQoL in patients with CS. This questionnaire available in 16 languages is brief, easy to complete and has preliminarily demonstrated feasibility and good psychometric properties of validity and reliability. Given the crosssectional nature of this study, test-re-test reliability and sensitivity to change (i.e., demonstrating over time no change in CushingQoL score in patients with stable disease, and in contrast, significant improvement after successful therapy) have yet to be confirmed, although the observation of worse scores in hypercortisolemic patients in comparison to those who were not, is promising. Since the final version is unidimensional, it offers a global score, easier to deal with than if it were multidimensional (i.e., emotional, physical, social, etc).
In this multinational study, CushingQoL scored worse in patients with recent hospital admission and diagnosed in the prior 2 years, when all had experienced hypercortisolism, a situation previously described as associated with impaired perception of QoL (1, 8, 9, 15) . Current hypercortisolism determined a worse score in CushingQoL when compared with patients who were not cushingoid. Using the SF-36 questionnaire, greater impairment of QoL in active CS patients has been observed than in cured patients (8, 15) , which is however, not associated with normalization of QoL, even after long-term control of hypercortisolism (2, 15) ; the degree of initial hypercortisolism does not appear to determine subsequent level of impairment of HRQoL either, since initial 24 h FUC excretion prior to therapy did not correlate with HRQoL (2). In parallel, psychopathology (mainly atypical depression) highly prevalent at baseline (66.7%) improves 1 year after treatment, but suicidal ideation and panic attacks may increase after control of hypercortisolism (9) . Since cognitive function is also impaired by hypercortisolism, especially the declarative memory system, these impairments explain the patients' demoralization and psychological distress after remission of CS (1) and consequently, the great impact on HRQoL.
We observed no correlations between CushingQoL and time elapsed since surgery; the latter was also observed by van Aken (2) in cured patients, where duration of cure did not correlate to any QoL scales; in contrast, we did not observe any influence of hypopituitarism or adrenal insufficiency on the CushingQoL score, while van Aken did (2) . They used the SF-36 and Nottingham Health Profile (NHP) questionnaires, as well as multidimensional fatigue index-20 (MFI-20) to assess fatigue and HADS to evaluate anxiety and depression in 58 long-term cured CD patients; reduced scores for all sub-scales were observed compared with normal controls, but associated hypopituitarism was the main independent predictor of reduced HRQoL after successful treatment, despite replacement therapy; other determinants were age, age at diagnosis, gender, and anxiety/depression (2). Nevertheless, hypopituitarism was especially determinant for decreased QoL for HADS and MFI-20 where hypopituitary patients were severely impaired, while non-hypopituitary subjects were similar to controls. In NHP and SF-36 scores, influence of hypopituitarism was less pronounced, since both groups of CD patients scored worse than controls on most dimensions, and for SF-36, additional hypopituitarism only determined greater impairment for scores related to emotional role, pain, and general health. It is worth pointing out that in our experience the closest correlation of CushingQoL was with the vitality dimension of the SF-36 (which was left out by van Aken since they used the MFI-20 to evaluate vitality, energy, and fatigue). Our cross-sectional study included both hyper-, normo-and hypocortisolemic patients after treatment; the lack of any difference in score for those CS patients who were hypopituitary would suggest that impairments picked up by the CushingQoL questionnaire are predominantly related to hypercortisolism rather than hormone deficiencies, and that current hypercortisolism is a stronger determinant for patient well-being and HRQoL impairment, so any additional contribution of hypopituitarism may be masked. This is supported by the linear regression analysis in which elevated FUC and female gender were the main contributors to impaired HRQoL. Pituitary radiotherapy was not associated with worse QoL measured with SF-36 in cured patients (2) or in our experience with the CushingQoL questionnaire either. This contrasts with findings in acromegaly where radiotherapy does determine a worse HRQoL (23) , and may be interpreted as meaning that CS itself has a more profound deleterious effect on the patient than acromegaly; in fact, the mean scores for SF-36 reported in these cured Dutch acromegalic patients were all higher (less affected) than those attained by the CS patients reported here, even when only those without current hypercortisolism were separately analyzed, the most affected being general health and vitality. Nevertheless, acromegalic patients were not completely comparable, since their mean age was 14 years older (and age tends to worsen HRQoL), and included more males (52%), in contrast to the female predominance seen in CS (85%; and females tend to exhibit worse HRQoL than males).
Lindholm observed no abnormality in perceived health using SF-36 in patients treated for adrenal adenoma, in sharp contrast with pituitary-dependent CD, both cured and active (the latter being worse).
We were unable to demonstrate differences in the CushingQoL score in CS of pituitary or adrenal origin, although the small number of the latter makes any comparison difficult.
Patients with worse self-perceived health or score on SF-36, also scored worse in the CushingQoL questionnaire, supporting the view that this new tool is capable of reflecting HRQoL. The advantage of a robust and widely validated generic questionnaire such as the SF-36 both in large series of general population and different patient groups, contrasts with the advantage of identifying those dimensions most important for HRQoL in patients with CS, included in the CushingQoL, which should therefore be more sensitive to pick up clinically relevant changes. Only one-third of patients perceived their health as good and another third as bad. Eighty percent of these patients had concomitant diseases (mostly hypertension, diabetes mellitus, depression, and osteoporosis), confirming that CS patients are a sick population (1). This is also evidenced when SF-36 results obtained in different endocrine diseases such as adrenal insufficiency (24, 25) , primary hyperparathyroidism (26) , thyroid carcinoma (27) , craniopharyngioma (28) , and subclinical hypothyroidism (29) are compared, since all scored better than the CS cohort reported here but worse than normal population.
The mechanisms through which CS determines HRQoL impairment are probably multifactorial involving physical and psychological features. Severe fatigability and changes in body composition and image, anxiety, irritability, mood swings, depression, decreased memory, less self-confidence, and difficulties in sleeping are common and the main concerns for these patients. Glucocorticoids are known to affect behavior, mood, neural activity, memory, and other processes in the central nervous system (1, 30), and to reduce brain volume in a reversible way when hypercortisolism is controlled (31) . However, other dimensions such as cognition (4) or body composition (32) do not normalize after endocrine cure, strongly suggesting that these changes are not fully reversible, nor is impaired HRQoL.
In summary, the disease-generated CushingQoL questionnaire is a feasible, reliable, and valid instrument for measuring HRQoL in patients with CS; the short number of items and the unidimensionality contribute to facilitate its scoring and interpretation. Scores correlate with relevant clinical parameters. Sensitivity to change and test-re-test reliability remain to be confirmed in longitudinal studies. Even though these preliminary results are promising, further testing is required to validate the usefulness of this questionnaire.
